In this study, hydroxyapatite was produced via mechanochemical method using the sea snail Turritella terebra as a calcium source at 1200 • C followed by sintering. FT-IR, SEM/EDX, BET, XRD, ICP-OES analyses were applied for complete characterization. Biodegradability test in tris-buffer solution and bioactivity tests were carried out. In vitro bioactivity tests showed hydroxyapatite formation when sample was immersed in simulated body fluid (SBF) and high rate of cell viability determined based on MTT assay after 24 hours and 7 days incubation. Degradation of the samples was evaluated via pH changes for 7 days. Results exhibited that produced hydroxyapatite has ideal pore size and properties supporting bone tissue growth and cell proliferation. Therefore, it can be a good candidate for clinical applications owing to low production cost and natural-biological origin.
Introduction
Hydroxyapatite [HA, Ca 10 (PO 4 ) 6 (OH) 2 ] is a natural component of bones and teeth; thus hydroxyapatite is employed in bone defects and voids as coatings on implant materials. Furthermore their applications in biomarkers, scaffold and controlled drug delivery are special interest due to its biocompability, bioactivity and osteoconductivity and high loading capacity. Therefore hydroxyapatite is crucial in fields of implantology, stomatology, and regenerative medicine Last decades, biological resources that deposit calcium such as eggshells, clam shells, sea shells (such as european sea bass [1] , tiger cowrie [2] ), bovine bone, corals etc. have been utilized to produce calcium phosphate apatites in use of bone graft with the addition of phosphorus source. Natural biocomposites composed of 95-96 wt% mineral mostly as aragonite, 4 wt% organic matter and less than 1% other oxides [3] . Furthermore studies reported their biocompatibility, in vitro and in vivo osteoinductive features. Wu et al. [4] produced HA powders with small amounts of DCPA (dicalcium phosphate dihydrate) through planetary ball milling after heat treatment derived from oyster shell as a calcium source. Turritella terebra is a species of sea snail that can be found in Indo-West Pacific: from East Africa, including Red Sea, to Melanesia; north to Taiwan Province of China and south to central Queensland [5] In this study Turritella terebra was utilized as * corresponding author; e-mail: zeorman23@gmail.com Ca source to produce hydroxyapatite at 1200 • C sintering temperature via high reproducibility and low cost mechanochemical method.
Materials and equipment
Empty local Turritella terebra sea snail shells were bought in Istanbul. They were crushed in an agate mortar by hand grinding and then processed in a high energy ball mill for an hour to obtain the size of a powder following sieving with a sieve to reduce the size of less than 100 µm. According to Ca content in the raw shell, P concentration was calculated to evaluate the exact H 3 PO 4 . Stoichiometry ratio was set to Ca:P ratio of hydroxyapatite which is 1.67. Mixture of powder sea shell was prepared in a distilled water. The temperature was set to 80 • C for 15 min. Equivalent amount of H 3 PO 4 was added drop by drop to the mixture and the reaction kept to evolve for 2h and a half under continuous stirring. Chemical Eq. (1) of the reaction was shown below:
(1) After completed drying, powders were heat treated using an oven with a 5 • C of increase per minute and suspended at the sintering temperature 1200 • C for 4 hours. Sample was obtained by this procedure was coded as TT1200. Phase was identified by comparing the experimental XRD patterns to standards complied by the Joint Committee on Powder Diffraction Standards (JCPDS) using the card 09-0432 for hydroxyapatite. The sample were degassed at 100 • C for 2 h under nitrogen purging prior to BET measurements. In vitro bioactivity of (1089) the sample was tested via SBF. Then sample immersed in falcon tubes at 37 • C containing SBF and was stored in an oven at temperature of 37 • C. SBF was renewed on 7th, 14th days and samples were stored. Inductively coupled plasma/optical emission spectrometer ICPE9000 was used to obtain the level of calcium and phosphorus ion releases during certain periods in SBF solution. Samples were immersed in tris-buffer solution at pH 8 and at 37 • C to analyze the effects of sintering temperature in dissolution. pH were measured at exact time per day for 7 days and data registered. Cell viability study was conducted according to the MTT assay.
Results and discussion

TG/DTA analysis and X-ray diffraction analysis
CaCO 3 amount of samples was determined by TG/DGA indicate mass% loss of CaO corresponding to some heat induced processes data ( Fig. 1) . At 800 • C accompanied by a 56.8% mass loss denoted the decomposition of CaCO 3 and CO removal. Concentration of H 3 PO 4 solution was calculated in the ratio of Ca:P = 1.67.
Sharp peaks of the diffractogram and the straight baseline can be attributed to well-crystalized structure (Fig. 2 ). Peaks of HA was found at 25.8 • , 28.8 • , 31.7 • , 32.8 • , 34 • for sample TT1200 [6] . Table I demonstrates specific surface area, pore volume and average pore and particle diameter of samples. 
BET analysis
Fourier transform infrared spectroscopy (FT-IR) analysis
FT-IR spectrum of before and after heat treatment of the Turritella terebra shell powder at 1200 • C was shown in Fig. 3a . In Fig. 3b Figure 3b displays FT-IR spectra of samples before and after SBF. After a week of immersion in SBF, TT1200 showed CO 3 bands present at around 1500 cm −1 . HPO 2− 4 peak was shown at 671.23 and 873.75. Superficially deposited layer of Ca-deficient HA appears when the following reaction occurs;
(
(2) OH band was revealed at 3641.6 cm −1 and broad hydroxyl peak at around 3400 cm −1 that is a characteristic peak of HCA These peaks confirm that HCA (hydroxyl carbonate apatite layer) formed on the bioceramic which leads to bone-like apatite formation. Also, for TT1200 after 14 days of immersion in SBF peak intensities are relatively less comparing to 7 days of immersion in SBF.
HCA layer formation needs enough saturation of Ca and P ion concentration in the solution. Ca +2 and HPO 2− 4 concentrations in SBF accelerate apatite formation on the sample. The ions accumulate on the surface and initiate the process of spontaneous growth of crystals followed by heterogeneous nucleation.
ICP-OES analysis of SBF after sample soaking and SEM analysis
Ca level of TT1200 increased from 100.03 to 290.02 ppm and afterwards decreased to 213.62 ppm in 15 days (Fig. 4a ). Phosphorus level decreased from 28.8 to 7.59 ppm (Fig. 4b ). Decrease of Ca and P level in the solution can be attributed to aggregation of the ions on the sample surface. SBF results and SEM analysis re-vealed aggregation of HA after immersing of TT1200 in SBF. After 1 and 2 weeks, surface of TT1200 was covered with HA. Figure 5a is SEM image of sea shell Turritella terebra, Fig. 5b is SEM image of sea shell after heat treatment. Figure 5c shows sample after being immersed in SBF for a week and Fig. 5d shows immersion in SBF for two weeks. 
pH changes in tris-buffer solution
pH of the tris-buffer solution changes due to dissolution reactions and H + and OH ions release in the tris-buffer solution. pH stabilized in 7 days for TT1200 which can indicate that hydroxyapatite is not soluble in tris-buffer solution. Figure 6 indicates pH changes of TT1200 in tris-buffer solution. 
Cell viability test
Samples were seeded to SAOS-2 osteoblast like cells at different concentrations. Figure 7 indicates cell viability of TT1200 samples. ISO10993-5 standard represents that if the viability of treated human cell line culture is more than 70% samples do not have toxic effect on the cells. Samples have the ability to cell adhesion, spreading, increased viability over time. Highest cell viability was obtained in the concentration of 100 mm in 24 hours. Figure 7a shows absorbance levels of samples in 24 hours, Fig. 7b shows absorbance levels of samples in 7 days. Figure 7c shows cell viability of samples in 24 hours and Fig. 7d shows cell viability of samples in 7 days.
Conclusion
In this study sea snail Turritella terebra was used as a source of calcium to produce calcium phosphate ceramics via mechanochemical method. Bioactivity and biodegradation tests are promising for further investigations and clinical applications. SEM images and SBF studies confirmed that samples were covered with HCA after soaking in SBF. Cell viability tests revealed that samples do not have toxic effect on SAOS-2 osteoblast cells. 
